Objectives: Observational studies suggest reduced risk of Alzheimer disease (AD) in users of hormone therapy (HT), but trials show higher risk. We examined whether the association of HT with AD varies with timing or type of HT use. Between 1995 and 2006 , the population-based Cache County Study followed 1,768 women who had provided a detailed history on age at menopause and use of HT. During this interval, 176 women developed incident AD. Cox proportional hazard models evaluated the association of HT use with AD, overall and in relation to timing, duration of use, and type (opposed vs unopposed) of HT.
The association between estrogen hormone therapy (HT) and risk of Alzheimer disease (AD) is a subject of debate. In laboratory studies in vivo and in vitro, estrogens show positive neurobiological effects, which may provide a rationale for a neuroprotective role of HT. 1, 2 Observational studies of HT and AD risk have, in general, supported this idea, with well-designed, prospective studies showing a significant reduction in risk. [3] [4] [5] Motivated by these studies, a large, multicenter, double-masked, randomized, prevention trial, the Women's Health Initiative Memory Study (WHIMS), tested HT in the form of conjugated equine estrogens (either alone or "opposed" with medroxyprogesterone acetate) vs placebo on dementia incidence. The trial was stopped prematurely after 6 years of follow-up because of concerns about adverse cardiovascular and cancer risks. Unexpectedly, the results of the trial showed an increased risk of dementia with HT. 6, 7 Arguably, the divergent results between observational and randomized studies might reflect differences in the effects of HT based on either type or timing of use. 8 The Cache County Study (CCS) was one of the prospective, observational studies that suggested an association of HT use with reduced AD risk. 5 Since its initial report, the CCS has accumulated 7 more years of follow-up and collected more detailed information on type and timing of HT use. We therefore examined the relationship of HT use and AD risk over an extended follow-up interval, testing whether there were differences in this relationship that depended on type of HT or timing of its use.
METHODS Study overview. The CCS was a populationbased study of dementia among elderly residents of Cache County, Utah, aged 65 years or older as of January 1, 1995. 9, 10 Approximately 90% of an eligible population of 5,677 permanent residents (n ϭ 5,092; 2,928 women) participated in a baseline assessment (wave I). Participants provided a buccal sample for APOE genotyping 11, 12 and were screened for dementia. They also completed a detailed questionnaire on potential risk and protective factors for dementia. Participants who did not have dementia at baseline were followed up using similar procedures in 1998 -1999 (wave II) Standard protocol approvals, registrations, and patient consents. All procedures were approved by the Institutional Review Boards of Utah State University, Duke University, and Johns Hopkins University. Study participants provided informed consent at each stage of the study. Responsible spouses or next of kin gave consent when participants were unable to provide it. Dementia evaluation. Participants were evaluated at each wave for dementia using a multistage assessment procedure described previously. 9,10 They were screened for cognitive impairments using the Modified Mini-Mental State Examination (3MS), 13 or the Informant Questionnaire for Cognitive Decline in the Elderly, 14 followed (in waves I and II) by the Dementia Questionnaire with a proxy informant. 15 Participants with evidence of cognitive dysfunction received a clinical assessment including a clinical history and review of systems, brief physical examination, and 1-hour battery of neuropsychological tests. 16 Based on this information, working diagnoses of cognitive disorders were assigned. Estimated age at onset of dementia was recorded as the year in which participants met DSM-III-R criteria. Participants with apparent cognitive disorders were reexamined by a study physician and underwent standard laboratory tests and a brain MRI. Finally, a panel of expert clinicians reviewed all available information and assigned differential diagnoses of dementia using National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders Association criteria 17 for AD, modified National Institute of Neurological Disorders and Stroke-Association Interna-tionale pour la Recherché et l'Enseignement en Neurosciences criteria 18, 19 for vascular dementia, and current research criteria for other illnesses. The diagnostic panel was unaware of participants' HT use. Examination of an independent 19% sample of the population enabled estimation of the sensitivity (88.9%) and specificity (95.6%) of this method for detection of incident dementia. 20 Autopsy confirmation of clinical diagnoses was obtained in 85% of instances. 21 Covariate assessments. Between waves I and II, female participants were administered a supplemental telephone Women's Health Questionnaire (WHQ) that included questions about their reproductive history and use of HT, including types of HT and age at initiation and end of use. This information provided exposure variables for HT that captured 1) ever/never use of any agent; 2) ever/never use of specific types of HT; and 3) duration and timing of use relative to the age of menopause or to the baseline (to capture recent initiation). Other variables included parity, age at menarche, age at menopause, and history of hysterectomy or oophorectomy. Age at menopause was defined as the age the participant went more than 1 year without having a period, or the age when both ovaries were surgically removed, whichever came first. Information from the wave I baseline examination added self-reported covariates suggesting a tendency toward health-conscious behaviors that might have influenced HT use or confounded the relationship between HT use and AD risk. These included years of education; history of alcohol (ever regularly drank 2 or more alcoholic beverages a week) or tobacco use; self-rated health status during the past week (excellent, good, fair, or poor); body mass index (in kg/m 2 ), both currently and at age 18 years; history of hypertension, high cholesterol, diabetes, stroke, heart attack, or coronary artery bypass graft surgery; and family history of AD in a first-degree relative. In addition, we used data from a supplemental mail-in questionnaire at wave I that obtained information on dietary patterns as well as physical and social activities. From this, variables were derived for reported numbers of vitamins or supplements regularly taken, regular physical activity (Ն5 hours of light activity plus occasional moderate to vigorous activity), regular social activity (time with family/friends at least twice weekly), and dietary scores in quintiles that reflected adherence to either the Mediterranean or Dietary Approaches to Stop Hypertension diets. 22 Analytic sample. Of the 2,928 women enrolled at wave I, 2,090 (71.4%) completed the WHQ. Of these, 321 had no follow-up assessment (including 6 with dementia at the WHQ), leaving 1,769 eligible for analysis. Compared with the 838 women who did not complete the WHQ, respondents were younger at baseline (mean age, 75.3 years [SD 6.6 years] vs 81.2 years [8.0 years]; p Ͻ 0.001), more educated (mean years of education, 12.9 [2.2] vs 12.1 [2.5] ; p Ͻ 0.01), and less likely to possess at least 1 APOE 4 allele (30.3% vs 39.0%, p Ͻ 0.001). They did not differ meaningfully on any other covariates described above, or on baseline 3MS scores.
Participants were followed an average of 7 years, during which time 248 women developed incident dementia. Of these, 176 received diagnoses of definite, probable, or possible AD. Women who developed AD were older at baseline (mean age, 78.1 years [SD 6.3 years] vs 74.2 years [6.2 years]; p Ͻ 0.001), more often had an APOE 4 allele (46.9% vs 28.8%, p Ͻ 0.001), and were more likely to have a history of diabetes (20.5% vs 11.6%, p Ͻ 0.001) than others.
Statistical analysis. Characteristics of HT users and nonusers were compared on categorical variables using 2 tests and on continuous variables by t tests. Survival analyses used Cox proportional hazard models to evaluate the association between HT use and incident AD. The time axis was participant age. Participants were followed from their age at study entry until AD onset or last assessment. Those with non-AD dementia were censored at their onset of dementia. Hazard ratios and 95% confidence intervals (CIs) were estimated from unadjusted models and from 2 sets of adjusted models. The first controlled for wellestablished AD risk factors including APOE status (Ն1 4 allele), years of education, and age at baseline. The second set of models controlled for these variables and also for propensity to HT use, scored (in deciles) using predicted probabilities from a logistic regression model of any HT use related to the covariates described above in the "Covariate assessments" section (receiver operating characteristic area under the curve for the model was 0.56). The propensity score was intended to provide more efficient control on attributes that might confound the relationship between HT use and AD. Propensity scores included as continuous variables rather than in deciles provided indistinguishable results.
RESULTS
Among the participants eligible for analysis, 1,105 participants (62.5%) reported a history of HT use. Among the latter, 93.6% reported oral HT, 11% as a cream, and 6.0% as a patch (total was Ͼ100% because several participants reported using multiple forms). Because the overwhelming majority of HT use was oral, we considered all forms of HT together. We classified HT use as "opposed" if the participant used an agent that included a progestin in combination with estrogen (37.0%), "unopposed" (59.7%), or unknown (3.3%). Table 1 compares key characteristics of HT users vs nonusers. Users were significantly younger and better educated, and typically had fewer live births, younger age at menopause, and more frequent history of partial or bilateral oophorectomy. They also had a shorter period of time between the age at menopause and baseline. They also developed AD at a lower crude rate than nonusers (7.9% vs 13.4%, p ϭ 0.001). Table 2 shows how the relationship between HT use and incident AD varied with timing, duration, and type of HT. The results of the 2 sets of adjusted models were similar, so only the fully adjusted models are discussed below. Overall, HT users showed a reduction of 20% in their AD risk that was suggestive but not statistically significant (model 1: adjusted hazard ratio [aHR] 0.80; 95% CI 0.58 -1.09). However, HT initiated within 5 years of menopause was associated with significantly lower AD risk (model 2: aHR 0.70; 95% CI 0.49 -0.99), whereas HT use initiated later showed no such association (aHR 1.03; 95% CI 0.68 -1.55). There was some evidence of a duration effect (model 3): HT initiated within 5 years of menopause, but used for less than 10 years, was associated with a trend toward AD risk reduction, but use for 10 or more years was associated with a further reduction that was statistically significant (aHR 0.63; 95% CI 0.41-0.98). By contrast, there was no association with HT initiated more than 5 years after menopause, regardless of duration.
There were apparent differences in the association with AD risk by type of HT. Unopposed HT was associated with a trend toward reduced AD risk (model 4: aHR 0.70; 95% CI 0.49 -1.01) whereas opposed HT was not. If initiated within 5 years after menopause, however, both unopposed and opposed HT were associated with a similar reduction in AD risk (model 5), although only the former was statistically significant. There was no association of AD risk with either type of HT use initiated more than 5 years after menopause. Interestingly, opposed HT initiated within 3 years of the baseline was associated with an increased, albeit nonsignificant, risk of AD (model 6: aHR 1.93; 95% CI 0.94 -3.96) that was not observed with unopposed HT. Similar results were obtained in analyses of all-cause dementia (n ϭ 248) as an outcome (table e-1 on the Neurology ® Web site at www.neurology.org), or after stratifying the data by history of natural vs surgical menopause (after partial or bilateral oophorectomy), although some of the models could not be reliably estimated due to the smaller number of women with surgical menopause (data not shown). DISCUSSION We report new results from the CCS on the relationship between HT use and incident AD. Our findings extend earlier findings by inclusion of up to 7 years of additional follow-up and more detailed data on the timing, duration, and type of HT. Consistent with the hypothesis of a critical window around the time of menopause during which HT may protect against AD, we observed a 30% reduction in AD risk in HT users who initiated treatment within 5 years after menopause. This reduction was greater with sustained use of 10 years or more. We saw no differences in these associations with use of opposed vs unopposed. If HT was initiated later, there was no such association and there was some suggestion that opposed HT was associated with increased AD risk if initiated shortly before the study's baseline.
The nature of the relationship between HT and AD risk remains controversial. Although findings of previous observational studies have not always been consistent, 2 meta-analyses estimated the risk reduction at 29% to 44%. 23, 24 By contrast, the randomized WHIMS 6,7 found that HT use was associated with a significant increase in dementia risk. The divergence of results between observational and randomized studies has been a source of puzzlement. One explanation posits existence of a critical time window around menopause during which HT is protective. Many observational studies might capture this association but the WHIMS trial, which enrolled women older than 65 years, would not. 8 Our original report from the CCS 5 provided limited evidence in support of the critical window hypothesis. It noted that reduction in AD risk was greatest with prior HT use, whereas current HT users showed reduced risk only if the duration of treatment was for more than 10 years. Presumably, the last group included some women who had initiated treatment around the time of menopause. At the time, we were unable to test this notion directly, but a large subsequent retrospective study provided further circumstantial evidence in support of it, 25 showing an inverse association between HT and AD risk for younger women who used HT near the time of menopause but not for older women who used HT at other times. More recently, a large prospective study found that women who used HT only in midlife had a 26% lower risk of dementia compared with nonusers. 26 The CCS findings reported here show point estimates (0.74) for AD risk with HT initiated around menopause (i.e., in midlife) that are nearly identical to those of the last study. We also found a suggestive increase in AD risk associated with HT initiated later in life, i.e., close to the CCS baseline when all participants were 65 years or older (average age at study entry was approximately 75 years). This increase was similar to find- Table 2 Cox proportional hazard models of association with incident AD by timing, duration, and type of HT years of menopause but did so Ͼ3 years before baseline, and those who did not initiate HT within 5 years of menopause but did so within 3 years of baseline. The latter group captures risk associated with recent initiation of HT.
ings from a recent large prospective study 26 and the WHIMS trial. Interestingly, our finding of an increase specific to opposed HT also echoed the results of the WHIMS trial, which found that the increase in AD risk was greater with opposed (HR 2.05; 95% CI 1.21-3.48) than with unopposed treatment (HR 1.49; 95% CI 0.83-2.66).
Our study has several limitations. Women who used HT may have differed from nonusers in ways that explain their lower AD risk. For example, women who took HT were younger and better educated, younger at menopause, and had fewer live births. Control on these and other potential confounders in our analyses may have been incomplete, or there may have been other unmeasured characteristics that we did not consider. We note, however, that adjustment for potential measured confounders that might be associated with HT use or AD risk did not change the present results meaningfully. Alternatively, HT initiated around menopause could have increased mortality among women who were more vulnerable to develop AD in later life, thus creating a misleading impression of reduced risk in these women. This explanation seems unlikely given that mortality during the follow-up interval was lower, if anything, among HT users, including in particular those who initiated HT within 5 years of menopause (data not shown). There was also a significantly longer lag between age at menopause and baseline for nonusers compared with users. AD events among women occurring during this period of time might be undetected by the current study, potentially biasing the results. However, one might expect a greater number of events undetected among nonusers given their longer lag time, tending to bias the results toward a lower AD risk among nonusers. This is the opposite of what we found. Finally, the observed inverse association might reflect recall bias if women who developed AD during the follow-up interval had experienced prodromal memory problems that made them less likely to report HT use decades earlier, around menopause (note that 37 women had a nondementia cognitive impairment at the baseline visit). To explore this possibility, we repeated our analyses after controlling for baseline 3MS as a measure of cognitive status, but results were virtually identical (data not shown).
Our study also has several strengths. It is one of only a few studies with sufficient data to examine the long-term relationship between HT use around menopause and subsequent AD risk decades later. Although our results were similar to the aforementioned recent observational study, 26 the latter was limited by its reliance on clinical databases of patient encounters with community-based physicians for case identification. Instead, we used standardized methods of case detection based on direct contact and validated for research purposes. 20, 27, 28 Our study was also differentiated by availability of specific data on the timing and type of HT used, whereas others (e.g., reference 26) could only contrast "midlife" vs "late-life" use. Our study's reliance on a relatively homogeneous population in rural Utah might conceivably limit the generalizability of our findings, but there are also strengths in comparisons conducted within restricted populations that offer reduced chance of selection or other biases producing spurious results.
Whereas HT was once thought to offer promise for AD prevention, the WHIMS trial cast serious doubts on its utility and effectively discouraged continued research in this area. Importantly, however, the results reported here add to a nascent body of findings suggesting that HT may have neuroprotective effects that depend on when it is initiated. Our findings therefore provide a rationale for continued research into the varied effects of HT. Practical concerns make it unlikely that new randomized trials of HT can examine the timing effects of HT (because of the long periods of follow-up necessary to properly test the critical window hypothesis). Such trials could also raise ethical concerns, given the current view that HT use would pose confirmed risks to trial participants. We suggest that other forms of new evidence will be needed before findings such as the current CCS results should reasonably result in any clinical recommendation of HT use for the prevention of AD. 29 
